Abstract Aims/hypothesis: We compared the associations between three definitions of the metabolic syndrome and CHD risk. The definitions studied were the new International Diabetes Federation (IDF) definition, and those of the World Health Organization (WHO) and the National Cholesterol Education Programme (NCEP). Our aim was to determine whether the magnitudes of the associations for any of the syndrome definitions are greater than for the individual components. Materials and methods: A prospective cohort study of a random sample of 3,589 British women who were aged 60-79 years and free of CHD at baseline was performed. Among these women there were 194 incident cases of CHD (40 of them fatal) during 15,778 woman-years of follow-up. Results: Insulin resistance (homeostasis model assessment), triglyceride levels, systolic blood pressure, waist and waist-to-hip ratio were positively and linearly associated with CHD risk; HDL cholesterol was inversely associated with risk. All three definitions of the metabolic syndrome were modestly and similarly (to each other) associated with CHD risk. The ageadjusted hazard ratio (95% CI) was 1.32 (1.03, 1.70) for IDF syndrome, 1.45 (1.00, 2.10) for WHO syndrome, and 1.38 (1.00, 1.93) for NCEP syndrome. Adjustment for smoking, inactivity and life-course socioeconomic position resulted in attenuation of these associations to 1.25 (0.96, 1.61), 1.31 (0.90, 1.90) and 1.27 (0.90, 1.79), respectively. The magnitudes of the associations for individual components of the syndrome were similar to those for any of the syndrome definitions. Conclusions/ interpretation: The metabolic syndrome, defined by any of the three methods, is only modestly associated with CHD risk in this study of older women. Life-course socioeconomic position appears to be an important confounder in the association of the metabolic syndrome with CHD risk.
Introduction
A recent systematic review and meta-analysis concluded that the metabolic syndrome, as defined by the two most widely used definitions (the World Health Organization [WHO] and the US National Cholesterol Educational Program [NCEP] definitions [text box]), did only a 'modest job' of predicting cardiovascular disease (estimated summary relative risk of 1.7 to 1.9) [1] . Notably, that review found that the effects published in the earlier studies (which have been widely cited and used to suggest that the metabolic syndrome is a major CHD and cardiovascular disease risk factor) were considerably greater than those published in later studies [1] .
One explanation for the weaker association in some studies compared to others is the difference in confounding factors that have been taken into account in different studies. Although several studies have demonstrated independent associations between both childhood and adulthood socioeconomic position, and components of the metabolic syndrome [2, 3] and CHD risk [4, 5] , no previous study has, to our knowledge, taken account of the effect of socioeconomic position across the life course on the association between the metabolic syndrome and CHD risk, and only a small minority have taken account of adult socioeconomic position [1] . Furthermore, several investigators have pointed out that individual components of the syndrome are more important determinants of CHD than either of the WHO or NCEP definitions of the syndrome, thus questioning the clinical utility of the concept of a syndrome for predicting CHD risk [6, 7] . The recent review concluded that more research was needed that specifically addressed the issue of whether any definition of the metabolic syndrome improves risk prediction for adverse events above that of its individual components [1] .
In April of this year a new worldwide definition of the metabolic syndrome was proposed by the International Diabetes Federation (IDF) (www.idf.org; text box). This definition was compiled by a panel of experts, including those who had previously been involved in developing the WHO and NCEP definitions. The rationale behind this new classification was to provide a standard definition that could be used across research and clinical groups, and thus enable appropriate comparisons between studies and standardise clinical diagnoses. Further, the new definition was intended to be a better predictor of adverse risk outcomes (specifically, CHD, stroke and type 2 diabetes) than either of the earlier definitions, but to date no study has assessed its performance compared with these earlier definitions.
The aim of this study was to compare the magnitudes of the associations between the new IDF, as well as the WHO and NCEP definitions of the metabolic syndrome, and CHD risk, and to determine whether the magnitudes of the associations for any of the syndrome definitions are greater than those for the individual components.
Subjects, materials and methods
Full details of the selection of participants and measurements have been reported previously [2, 6, 8] . Women aged 60-79 years were randomly selected from general practitioner lists in 23 British towns. A total of 4,286 women participated and baseline data (self-completed questionnaire, research nurse interview, physical examination and primary-care medical record review) were collected between April 1999 and March 2001. These women have been followed up over a median of 4 years by flagging within the NHS central register for mortality data and by two-yearly review of their medical records. Local ethics committee approvals were obtained for the study and women provided informed written consent for us to access their medical records.
All women with prevalent CHD (doctor diagnosis of previous myocardial infarction, angina or who had a coronary artery bypass or angioplasty; n=697) at baseline were excluded from this study. Thus, 3,589 women were included in this study. Incident cases of CHD were defined as either (1) CHD death (ICD10 codes I20-I25, I51.6) or (2) a myocardial infarction, diagnosis of angina or coronary artery bypass or angioplasty identified in the follow-up medical record review.
All of the main exposures (different definitions of the metabolic syndrome) and confounders considered in this study were obtained from the baseline assessment. Blood samples were taken after a minimum 6-h fast. Plasma glucose was measured by a glucose oxidase Trinder method [9] using a Hitachi Modular analyser (Hitachi, Kobe, Japan). Serum insulin was measured using an ELISA which does not cross-react with proinsulin [10] . Insulin resistance was estimated according to the homeostasis model assessment (HOMA) as the product of fasting glucose (mmol/l) and insulin (μU/ml) divided by the constant 22.5 [11] . HDL-cholesterol and triglyceride levels were measured using a Hitachi 747 automated analyser (Hitachi, Tokyo, Japan) and reagents were supplied by Roche Diagnostics (Basel, Switzerland). Standard procedures were used to assess blood pressure, height, weight, and waist and hip circumference as previously described [6] . A clinical diagnosis of type 2 diabetes at baseline was determined from the research interview, assessment of medications and the medical record review [8] .
At the research nurse interview all participants brought their current medications and gave details of their drug history. Participants were coded as taking antihypertensive medications if they were currently using medications listed in Section 2.2.1 (Thiazide diuretics), Section 2.2.8 (Diuretics with potassium), Section 2.4 (Beta-blockers), 2.5 (Drugs affecting the renin-angiotensin system and some other antihypertensive drugs), or Section 2.6.2 (Calcium-channel blockers) of the British National Formulary. They were coded as taking medications for the treatment of elevated triglycerides or reduced HDL-cholesterol if they were using medications listed in Section 2.12 (lipid-reducing drugs) of the British National Formulary. Of those identified as taking lipid-lowering drugs 93% were using a statin and 5.9% were using a fibrate; a small number were taking a mixture of other preparations. Whilst statins are most commonly used for treating high levels of low-density lipoprotein cholesterol, and may not be the treatment of choice for the dyslipidaemia specifically associated with the metabolic syndrome, the new IFD definition includes all cholesterol/dyslipidaemia medications (including statins) in its definition. We did, however, undertake a sensitivity analysis in which we ignored lipid-reducing medications in our definition of the IFD syndrome.
The text box shows the IDF, WHO and NCEP definitions of the metabolic syndrome used in this study. We used a modified version of the WHO definition of the syndrome as proposed for use in epidemiological studies by the European Group for the study of Insulin Resistance [12] . This differs from the proposed WHO definition [13] in three ways-high fasting glucose (≥6.1 mmol/l) is used in place of glucose intolerance assessed by oral glucose tolerance test, HOMA scores are used to assess insulin resistance instead of euglycaemic clamp techniques, and microalbuminuria is not included in the definition.
Data on socioeconomic indicators across the life-course were obtained from baseline questionnaires and included data on the longest held occupation of the participant's father during her childhood, childhood household amenities (bathroom, hot water, bedroom sharing and car access), age at completion of full-time education, the longest held occupation of the participant and her spouse, adult housing tenure, car access, and pension arrangements. Childhood social class of the women was based on their fathers' longest held occupation and adult social class was based on their husbands' longest held occupation, or their own, whichever was higher. Adult and childhood social class were defined according to the registrar general's classification of occupations (I, II, III non-manual, III manual, IV, V-with I being professional occupations and V being manual unskilled occupations). Most of the indicators of socioeconomic position were binary variables. For some analyses we dichotomised those indicators that were not binary as follows: adult and childhood social class into non-manual (I, II, III non-manual) and manual (III manual, IV, V); pension arrangements into state only or state plus other (employment or private pension); adult housing tenure into local authority (social housing) or other (owner occupied, private rental, living with a relative) and age at leaving full-time education into those leaving school at or below the minimum legal age for leaving education or above that age. Data on smoking (classified as never, past, current-including those who said they had quit smoking in the 6-month period prior to assessment) and physical activity (categorised as ≤2, 2-3, ≥3 h per week of either moderate or vigorous activity) were obtained from the interview or questionnaires.
Statistical analyses
Data were analysed using Cox proportional hazards regression models, with participants' age as the time axis and the date of the baseline examination as the beginning of the follow-up period. This means that all analyses have been adjusted for age. Contributions to risk were censored at the earlier of: (1) first episode of either a fatal or non-fatal CHD event (if an individual had repeated non-fatal CHD events they were censored at the first event); (2) death from a cause other than CHD; (3) 30 November 2004. Proportionality assumptions were assessed by inspection of cumulative incidence plots and by testing for evidence of a statistical interaction with the time-scale of the models. There was no evidence of any violation of the proportionality assumption in any models.
For several of the covariates there were small amounts of missing data, the greatest amount of missing data being for pension arrangements (368 [10%] of the 3,589 women included in this analysis did not answer this question). We used multiple multivariate imputation, using all other covariates, the outcome, the log of survival time and the censoring indicator, to impute a distribution of missing values for those variables with some missing data with switching regression [14] . We carried out 20 cycles of regression switching and generated five imputation datasets, and also undertook all analyses on the complete dataset subsample (n=2,807 [78%]). The results from the complete data subset analyses were essentially the same as those presented here but were less precisely estimated.
For individual components of the metabolic syndrome, we assessed whether or not associations were linear by splitting the variables into fifths and computing a likelihood ratio test that compared a model in which the fifths were entered as four indicator variables and one in which they were entered as a continuous score from 1 to 5. This likelihood ratio test (referred to in tables as p value for nonlinear associations) can then be interpreted as assessing the null hypothesis that any non-linear association is a 'better' model than a linear association.
Whilst all three definitions include high fasting glucose as a component, only the WHO criteria include a clinical diagnosis of diabetes as part of the syndrome. Studies that have assessed the association of the syndrome (defined by whatever means) with CHD have varied with respect to whether they include participants with diagnosed diabetes, exclude these participants, or do not discuss how patients with diabetes are categorised. For the main analyses presented here we did not exclude women with clinical diagnoses of diabetes. For the two definitions that do not explicitly include participants with diabetes (IFD, NCEP) we retained the definitions as published and so any woman with a clinical diagnosis but who had a blood glucose below 6.1 mmol/l would not be defined as having high blood glucose (n=39 out of 157 with diabetes). We then repeated all analyses with women who had diabetes (n=157 [4.4%] of the 3,589 women included in this analysis) excluded.
Since comorbidities that might lead to weight reduction and changes in metabolic risk factors are more likely at older age, these metabolic risk factors might predict CHD less well in older individuals. We therefore explored whether the effects varied by age group (60-69 years versus 70-79 years at baseline) or by self-reported health status at baseline (good or excellent versus poor or fair health at present). We computed likelihood ratio tests to determine whether there was statistical evidence of a difference by age group or health status. Robust standard errors, taking account of possible non-independence between individuals from the same town, were used to estimate p values and 95% confidence intervals. All analyses were conducted using Stata version 8.0 (StataCorp, College Station, TX, USA).
Results
Over the follow-up period there were 194 (40 fatal) incident cases of CHD during 15,778 woman-years of follow-up giving a rate of 12.3 (95% CI: 10.7, 14.2) per 1,000 woman-years. Table 1 shows baseline characteristics of the 3,589 women included in this analysis. The prevalence of the metabolic syndrome varied by each definition, being 48% with the IDF, 21% with WHO and 29% with NCEP. These differences were largely driven by the lower thresholds for defining central obesity and high blood pressure in the IDF definition. Table 2 shows the unadjusted associations between both the metabolic syndrome and each component of the syndrome and CHD. Insulin resistance (HOMA score), tri- glyceride levels, systolic blood pressure and waist-to-hip ratio were all positively and linearly associated with CHD risk in these unadjusted analyses, and HDL cholesterol was inversely associated with CHD risk. Body mass index was not associated with CHD risk. All three definitions of the metabolic syndrome were positively associated with CHD risk. The magnitudes of all three associations were modest and similar. The magnitudes of the associations for individual components of the syndrome were similar to or larger than those for the any of the syndrome definitions. In particular, the point estimates for the IDF (and NCEP which uses the same criteria) definition of hypertension and NCEP definition of low HDL cholesterol were stronger than those for the syndrome defined by any of the three definitions (though there was no statistical evidence that the estimates for any individual components were different to those for the syndrome as a whole, all p values being <0.
3). Table 3 shows the effect of adjustment for potential confounding factors on these associations. For the components of the metabolic syndrome these have been included as continuous variables in these multivariable analyses since their associations in unadjusted analyses were linear across their distribution. Adjustment for smoking and physical inactivity resulted in some attenuation of the linear associations of insulin resistance, triglycerides, HDL cholesterol and waist-to-hip ratio with CHD risk, but greater attenuation occurred with adjustment for indicators of socioeconomic position from across the life-course. In the fully adjusted models each standard deviation increase in HOMA score was associated with a 17% increased hazard of CHD, with a similar magnitude of positive association with triglyceride levels. In the fully adjusted model each standard deviation of HDL cholesterol was associated with a 24% decrease in CHD hazard. The association between waist-to-hip ratio and CHD indicated a 10% increased risk of CHD for each standard deviation with the lower 95% confidence limit being just below the null value in the fully adjusted model. The association between systolic blood pressure and CHD risk was not affected by adjustment for smoking, physical activity or life-course socioeconomic position. As would be anticipated with the effect of these adjustments on individual components of the syndrome, the associations between all three definitions of the syndrome and CHD attenuated towards the null with adjustment for life-course socioeconomic position. In the fully adjusted model each definition was associated with an approximate 30% increase in CHD risk. When all components of the metabolic syndrome were included together in the same model along with potential confounding factors, only HDL cholesterol and systolic blood pressure remained independently associated with CHD risk (final column in Table 3 ). However, there was evidence of co-linearity in this model between the components of the metabolic syndrome, with the standard errors for the logged hazard ratio for each of HOMA score, triglyceride levels, systolic blood pressure and waist-to-hip ratio increasing considerably in this model compared with models with just one component included. The effects of components of the metabolic syndrome and of each definition of the syndrome did not vary by age group or by health status at baseline of the women (all p values for interaction >0.2). When women on lipid-reducing medications were ignored in our IFD definition of the syndrome, the prevalence of this syndrome was reduced very slightly from 47.5 to 47.3%, and none of the point estimates of associations in age-adjusted or multivariable associations changed. When we repeated the analyses with those 157 (4.4%) women who had a clinical diagnosis of diabetes removed, the findings were essentially the same as those presented for the main analyses. With these women removed, there were 185 incident cases of CHD over 15,076 years of follow-up, giving a rate of 12.3 (95%CI: 10.6, 14.2) per 1,000 person-years that was the same as that for the whole cohort. The age-adjusted hazard ratios of CHD for each syndrome in those without diabetes at baseline were 1.49 (0.99, 2.24) for the WHO syndrome, 1.44 (1.03, 2.01) for the NCEP syndrome and 1.37 (1.06, 1.77) for the IFD syndrome. With further adjustment for life-course socioeconomic position, smoking and physical inactivity these attenuated to 1.34 (0.88, 2.04), 1.31 (0.92, 1.89) and 1.28 (0.98, 1.69), respectively.
To indicate the importance of the metabolic syndrome as a risk factor for CHD in postmenopausal women, we compared its effect with that of smoking. The hazard ratio of being an ex-smoker compared to a never smoker was 1.36 (95%CI: 0.97, 1.93) and of being a current smoker compared to a never smoker was 2.54 (95%CI: 1.64, 3.94) in the unadjusted models. With adjustment for physical inactivity, life-course socioeconomic position and components of the metabolic syndrome, these associations were only slightly attenuated: 1.31 (95%CI: 0.92, 1.89) comparing ex-smokers to never smokers and 2.20 (5%CI: 1.41, 3.42) comparing current smokers to never smokers.
Discussion
In a large prospective study of women we found insulin resistance, triglyceride levels, systolic blood pressure and central adiposity to be linearly and positively associated with CHD risk. We also found that HDL cholesterol was linearly inversely associated with CHD risk. Upon adjustment for smoking, physical activity and life-course socioeconomic position these linear associations were attenuated, but nevertheless remained. The metabolic syndrome as defined using IDF, WHO or NCEP criteria was only moderately associated with increased CHD risk, with (per SD) 1.15 (1.02, 1.31) 1.12 (0.98, 1.27) 1.10 (0.96, 1.26 these associations attenuating towards the null upon adjustment for life-course socioeconomic position. Furthermore, the magnitudes of associations for individual components of the syndrome were similar to or larger than for the syndrome, questioning the clinical or predictive utility of defining the syndrome with respect to a risk factor for CHD. Of note, the point estimates for NCEP-defined hypertension and low HDL-cholesterol suggested a doubling (200% increase) of risk, whereas the point estimate for the syndrome suggested an increased risk of just 30-40%. This will occur because some women with isolated hypertension or HDL cholesterol or just these and one other risk factor will not be defined as having the syndrome. Thus from a clinical point of view some women with increased risk may not be identified as such if the metabolic syndrome is used as a major way of defining cardiovascular disease risk. There was no suggestion that the new IDF worldwide definition predicted CHD risk with greater magnitude than either of the WHO or NCEP definitions. In contrast to the findings for the metabolic syndrome, current smoking showed a much stronger association with CHD risk in unadjusted analyses, with very little attenuation of this effect upon adjustment for life-course socioeconomic position and components of the metabolic syndrome.
Study limitations
We had just one baseline measurement of each exposure variable and therefore our effect estimates could be an underestimation of the true association if regression dilution bias were taken into account. The new IFD definition of the syndrome includes, in the dyslipidaemia component, those women who are taking medication for this condition. We included here any woman on a drug defined in the British National Formulary as a lipid-lowering drug. The majority were taking a statin, which is a type of drug largely prescribed for high levels of total or of low-density lipoprotein cholesterol and we do not have clinical information on exactly what form of dyslipidaemia each woman on these medications had. However, when we repeated the analyses ignoring lipid-lowering treatment, the results were not affected. We used retrospective report in adulthood of childhood socioeconomic circumstances and these may be inaccurate. A recent study of Scottish individuals in their early 50s found modest agreement between adult retrospective report of childhood socioeconomic position and information collected in childhood. However, the magnitude of the association of retrospective report with CHD risk and that of the association of collected-inchildhood socioeconomic position data with CHD risk was the same in that cohort [5] .
Is the metabolic syndrome an important risk factor for CHD in women?
Our results suggest linear associations between insulin resistance (and its associated metabolic traits) and CHD risk that, although attenuated, persist after adjustment for lifecourse socioeconomic position. However, the magnitude of effect of the metabolic syndrome defined using any of the three definitions was similar to or weaker than the magnitude of effect of many of the individual components (see Table 2 ), suggesting that in clinical and research practice there is little prognostic value in defining the components as a 'syndrome' for the prediction of CHD. The point estimates of effect for each syndrome found in this study are somewhat weaker than those found in a recent metaanalysis (1.7 to 1.9) of the associations of WHO-defined and NCEP-defined syndromes with cardiovascular disease mortality [1] . However, examination of 95% CIs would suggest that our estimates are in fact consistent with those from that meta-analysis. None of the studies included in that meta-analysis had performed an adjustment for socioeconomic position from across the life-course and only a minority had taken adult socioeconomic position into account. The author of that review concluded that the metabolic syndrome was not an important predictor of allcause mortality or of cardiovascular disease in general population studies, although it may turn out to be important in some population subgroups. Our findings are in women only and in an older age group and it is possible that the syndrome is a stronger predictor of disease outcomes in younger age groups and in men. However, our findings are consistent with those found in the West of Scotland Coronary Prevention Study (WOSCOP), which examined younger men and is one of the biggest studies to date to assess the association of the metabolic syndrome with CHD risk [15] . Furthermore, the relative risks of CHD associated with diabetes are greater in women than men [16, 17] , and since the metabolic syndrome is considered to be a precursor of type 2 diabetes one might expect stronger associations of the metabolic syndrome with CHD in women compared to men.
There was some suggestion from mutual adjustment for each component that HDL cholesterol and systolic blood pressure were the most important individual risk factors (being independent of other metabolic risk factors). However, the components of the syndrome are associated with each other with evidence of co-linearity in the model containing all components and therefore there findings should be treated with caution.
One possible explanation for the syndrome not being a strong predictor of CHD, despite strong linear associations between the individual components and CHD, is that the syndrome inevitably represents a heterogeneous group with the overall effect estimate being a weighted average of some very high-risk individuals and some who are lower risk. For example, low HDL cholesterol and hypertension were particularly strong predictors of CHD in this population of older women, but many women defined as having the syndrome may not have either of these risk factors. In all three definitions, each component is dichotomised, despite having linear associations with CHD. In the most commonly used risk prediction method for CHD, the Framingham risk equation [18] , continuous variables are not dichotomised and a continuum of risk is derived rather than a dichotomy that groups together a heterogeneous population. However, the Framingham equation has been found to be a poor predictor of CHD risk in a number of groups, including those with diabetes [19] , women [20] and older individuals [21] . It may be that in the population as a whole, and in these specific groups, that adding some components of the metabolic syndrome and other novel risk factors to the Framingham equation will improve its predictive ability.
As the ability to test and compare different predictive models in different population groups increases along with the use of computers in clinical practice, it should become possible for more accurate prediction of risk in the clinical setting with easy to use computer programs. These programs should also be capable (behind the scenes) of taking account of effect modification (for example differences in effect by sex, age, ethnicity) of risk factors and of modelling each risk factor in a way (linear, quadratic, cubic) that best reflects its association with CHD. In the mean time researchers should be cautious of promoting syndrome definitions as important risk factors for disease outcomes, when these syndromes may mask important heterogeneity within the group defined as having the syndrome.
The magnitude of effect of the metabolic syndrome in this cohort of postmenopausal women was similar to that of being a past smoker compared to a never smoker, but weaker than the effect of being a current smoker. Thus, whilst individual components of the syndrome, notably insulin resistance, triglyceride levels, HDL cholesterol and systolic blood pressure, are linearly related to CHD risk even after adjustment for life-course socioeconomic position, smoking and physical inactivity, the syndrome itself is only weakly associated with CHD risk and does not appear to be a specific risk factor for CHD in postmenopausal women. Our findings, together with those of other prospective studies [1] , question the importance of the metabolic syndrome per se as a risk factor for CHD.
